Dairy siphovirus Lmd1, which infects starter culture isolate Leuconostoc mesenteroides subsp. dextranicum A1, showed resistance to pasteurization and was able to grow on 3 of the 4 commercial starter cultures tested. Its 26,201-bp genome was similar to that of Leuconostoc phage of vegetable origin but not to those of dairy phages infecting Lactococcus.
MRS (Oxoid, Baskingstoke, United Kingdom). The partial 16S rRNA gene sequence of isolate A1 (corresponding to positions 55 to 1387 in the Escherichia coli 16S rRNA gene) was 100.0% identical to that of leuconostocs belonging to ribospecies CHCC 2114 (27) . Strains of this ribospecies have repeatedly been isolated from fermented dairy products and have been assigned to both L. mesenteroides and L. pseudomesenteroides species (27) as well as its ability to grow in 6.5% NaCl were in best accordance with L. mesenteroides subsp. dextranicum (6, 13, 14) . In the following, the host strain name is shortened to L. mesenteroides A1.
Bacteriophage isolation and characterization. Bacteriophage Lmd1 was isolated from brine used in the production of Dutchtype cheese in a Norwegian dairy. Phage isolation and quantification were done by standard plaque assays performed in MRS soft agar supplemented with 5 mM CaCl 2 (MRS-C). Before phage assays, the brine sample was dialyzed against TM buffer (10 mM Tris-HCl [pH 7.4], 100 mM NaCl, 10 mM MgCl 2 , 10 mM CaCl 2 ).
Bacteriophage Lmd1 belongs to the Siphoviridae family of tailed phages and is of the B1 morphotype (1, 2) (Fig. 1 ). It has a capsid diameter of 41 nm and a tail measuring 115 by 10 nm. The tail consists of 30 or 31 segments, and a distinct baseplate can be observed at the tail tip. The B1 morphotype is the most frequently encountered morphotype among the described Leuconostoc phages and also among dairy phages infecting Lactococcus lactis (2) . Lmd1 produced large clear plaques on L. mesenteroides A1 lawns and had an average burst size (16) of about 50. Lysis was completed 30 min after adsorption. Thermal inactivation studies on Lmd1 revealed that the phage is unaffected by pasteurization, but its titer was reduced by more than 7 log upon exposure to a thermal inactivation scheme resembling commonly employed bulk starter vat sterilization schemes (96°C, 30 min). This was in accordance with thermal resistance of other Leuconostoc phages (5). Since pasteurization does not affect Lmd1, there is no barrier for the bacteriophage to enter cheese fermentation vats through contaminated milk. Entry into bulk starter vats would, however, require contamination during or after bulk starter milk cooling.
Many dairies practice rotation of different phage-unrelated starter cultures in order to reduce the impact of bacteriophages (26) . We tested the ability of Lmd1 to multiply on 4 commercial starter cultures commonly used in the production of Dutch-type cheese and found that 3 of the 4 starters contained hosts for Lmd1 proliferation (see Fig. S1 in the supplemental material). This finding emphasizes the importance of assaying for Leuconostoc phages during selection of starter cultures for rotation schemes.
The genome of Lmd1. The sequence of the 26,201-bp linear genome of Leuconostoc phage Lmd1 was found by a combination of shotgun sequencing and primer walking. Briefly, genomic DNA was isolated from purified phage particles (7) by standard phenolchloroform extraction, and a shotgun library was prepared after partial digestion with AluI. Sequencing was performed using BigDye 3.1 chemistry (Applied Biosystems, Foster City, CA), and sequence assembly and analysis were done using CLC Main Workbench version 6.5 (CLC bio, Aarhus, Denmark). Homology searches were done using BLASTP and PSI-BLAST build 2.2.26ϩ (3, 4) , and conserved domains were found by searching the Conserved Domains Database (21-23) (June 2012).
Cohesive genome ends (23 bp; 5=-TCGTGCAATAGTAGGCG TTTTAA-3=) were identified by restriction analysis and sequencing as described by others (8, 19) . The GϩC content of the Lmd1 genome is 36.4%. A putative origin of replication (ori) was found between positions 1639 and 1873. This region comprises an A-Trich region and multiple repeats and hairpin structures typical of phage replication origins (33) . Forty open reading frames (ORFs) were predicted using Prodigal (15) . These constitute 91.7% of the genomic sequence. Starting with the ORF immediately downstream of ori, ORFs were given consecutive numbers (Fig. 2) . By homology searches, putative functions were assigned to 24 ORFs. Eight proteins, ORF9 and ORF14 through 20, were identified as structural proteins by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and mass spectrometry, performed essentially as described elsewhere (25) Table S1 in the supplemental material. As with most characterized bacteriophage genomes, the genome of Lmd1 is organized in functional modules. Four modules are clearly identifiable: the DNA replication module, the DNA packaging module, and the head and tail morphogenesis modules (Fig. 2) .
The genome of Lmd1 closely resembles that of L. mesenteroides phage 1-A4 (19) , with respect to both sequence similarity and genome organization (Fig. 3) . Through a functional distribution analysis, Lu and coworkers showed that Leuconostoc phage 1-A4 clusters most closely with several lactococcal phages, including Q54-like, c2-like, and 936-like phages (12), but they suggested that 1-A4 should form a separate functional cluster based on the relatively large distance between it and its closest relatives (19) . This is in agreement with the low number of significant BLAST hits we found to phage sequences other than 1-A4.
Almost half of the predicted proteins in Lmd1 did not show any similarity to 1-A4 ORFs (Fig. 3) . The dissimilar ORFs were mostly found on the negative strand in both phages, in modules possibly involved in transcription regulation or host interaction. This putative functional assignment is supported by the presence of homologs of conserved Leuconostoc and Weissella prophage genes in this region.
There was generally low sequence similarity at the DNA level between Lmd1 and 1-A4, even within orfs encoding homologous proteins (not shown). The genome sequence of Lmd1 might thus be useful in the development of DNA-based detection methods for dairy Leuconostoc phages.
Nucleotide sequence accession number. The complete genome sequence of Leuconostoc phage Lmd1 has been deposited in GenBank under accession number JQ659259.
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